INTRODUCTION
here has been increasing pollution of water bodies in Nigeria from anthropogenic activities. This has caused deterioration in water qualities. Wade et al. (2002) , Walsh et al. (2002) and Arimoro and Osakwe (2006) listed anthropogenic activities to include release or discharge of agricultural waste from agro-allied industries, refineries, human and animal waste, laundering, car washing and wood waste.
Cassava (Manihot esculenta Crantz) is a staple food in most developing countries. The shrub of Euphorbiaceae (Ehiagbonare et al., 2009 ) is extensively cultivated in the tropical and subtropical regions of the world and grows to edible starchy tuberous roots with more than 200 calories/day of food value (FAO, 2004) . In sub-saharan Africa (SSA) cassava is currently the major staple food for 40% of the population and for an estimated 500 million people in the tropics (Dufour, 1989; Okafor, 2004; Burns et al., 2010; Okunade and Adekalu, 2013) .
Wastewater is usually generated in different ways such as during washing, moisture grating, extraction through pressing, as well as processing cassava tubers into food, feed, starch and other products. Most cassava processing industry discharges significant quantities of wastewater whose major component is cyanide to rivers, lakes, sewage canals which eventually flows back to streams or downstream surface water locations (Oliveira et al., 2001) . Cassava contains cyanide which is toxic. Studies on toxic effects of cyanide on aquatic life include Yang et al., (1994) , Okafor (1998) , Wade et al. (2002) , Oboh (2004) , Abiona et al. (2005) and Ehiagbonare et al. (2009) . Hydrocyanic acid (HCN) resulting from the processing of cassava tubers may lead to death of fish and other aquatic organisms (Oti, 2002; Oboh and Akindahunsi, 2003; Oboh, 2004) . Suspended solids of effluents may settle on a stream bed and spoil fish breeding grounds (Arimoro et al., 2008) . Discharge of cassava effluents has become serious problems that pose threat to aquatic environment and its life forms. The aim of the present study is to determine the effects of cassava effluents on environmental variables and macroinvertebrate communities in the water body.
MATERIALS AND METHODS
The Amaku Stream (Figure 1 ) is a perennial stream situated in the rainforest belt of southern Nigeria. The stream lies between longitude 06 49' 08", 06 54' 08"E and latitude 05 49' 20", 05 53' 20"N. It rises from Ndiogboro village in Ihiala town, flows in North east direction and empties into Atamiri Stream in Umuezeawara Ihiala, Ihiala Local Government Area. The climate of the study area shows distinct rainy (April -September) and dry (October -March) seasons. The area is characterized by sloppy land surface. 
Water Quality Analysis
Water samples for water quality characteristics were collected fortnightly in the three sampling stations for six months (July to December 2015), covering the dry and rainy seasons. The physico-chemical parameters were determined. Air and water temperature were measured using thermometer, depth was determined using a calibrated meter tape and straight wooden pole which was fixed at a particular point till it touches the substratum. Water velocity was measured using floatation method. Conductivity was determined using conductivity meter (Labtech Model 280). pH was determined using Griffin battery operated pH meter (Model PHS-3B). Turbidity was determined with turbidity meter (Model P2VH8 England).
Nitrate-nitrogen was determined using spectrophotometric 20 (Model PHS-25-Techmel USA). Dissolved oxygen, biochemical oxygen demand, alkalinity and phosphate-phosphorus were determined titrimetrically according to APHA (1998) .
Sampling Technique
Samples of macroinvertebrates were collected from the study stations using sieve and serrated core sampler. Rocks, mud, sand and gravel bottoms were sampled using kick and sweep technique. Shoreline vegetation were swept with a net to collect adult insects. Collected mud and debris in bucket were sieved using sieves. Macroinvertebrates present were emptied into white tray containing little water. Using forcepts the specimens were picked into containers labeled according to stations. They were preserved in 10% formalin and transported to laboratory for identification using keys of Thorp and Rogers (2011) and Egborge (1993) . Community structure and faunal similarities were analyzed using Margalef taxa richness, diversity, evenness and dominance.
Data Analysis
Statistical computations were carried out using the SPSS 16.0 for windows. Analysis of variance (ANOVA) was used to compare macroinvertebrate community attributes of the study stations. Community structure was analyzed using the methods of Ogbeibu (2005) . Hutcheson's t-test adopted from Magurran (1988) was used to test significant differences between general diversity indices among the study stations.
McNemar's test according to Ogbeibu (2005) was used for comparing similarities between stations.
RESULTS

Physico-chemical parameters
The results of the physico-chemical characteristics of the study stations is presented in Table 1 . Both air and water temperature were highest in station I and lowest in station II with respective mean value of 29.41±0.39C and 28.25±0.12C. Air temperature differed significantly (p<0.05) among the study stations. Water temperature was not significantly different (p>0.05) at the study stations. Dissolved oxygen mean value obtained during the study was maximum at station I (6.53±0.25 mg/l) followed by station III (4.55±0.15 mg/l). The least value was recorded at station II (2.32±0.24 mg/l). These values were significantly different (p<0.05) at the study stations.
Water current which varied significantly at the stations was highest in station III (0.31±0.18 m/s). The mean values of biochemical oxygen demand, turbidity, alkalinity and nitrate-nitrogen which were maximum in station II and minimum in station I differed significantly (p<0.05) at the study stations. pH had its highest value (5.64±0.12) in station I and lowest value (5.15±0.05) in station II. Phosphate-phosphorus was highest in station II and lowest in station III. 
Composition and abundance of macroinvertebrates from the study stations, Amaku Stream
Six (6) classes of macroinvertebrates composed of ten (10) orders, seventeen (17) families, twenty-two (22) species and 357 individuals were recorded in this study ( Table 2 ). The percentage abundance of macroinvertebrates in the study stations is shown in Figure 2 . The highest percentage abundance was recorded in station I (44.5%), followed by station III (35.0%). The abundance was lowest in station II (20.4%). A priori test for multiple comparison showed that station II was the cause of the observed differences. No. of individuals 20 13 17
Figure 2: Abundance of macroinvertebrates at study stations.
The abundance of major taxonomic groups of macroinvertebrates recorded in the study showed that Insecta (47.90%) was the dominant class and Hirudinea (1.68%)was the least class ( Figure 3 ). Plesiopora (Oligochaeta) (22.69%) formed the largest order accounting for the maximum number of individuals (Figure 4) . Arhynchobdellida (1.68%) was the least abundant order. Dero sp., the most abundant species of the oligochaete population dominated the samples in the study stations. 
Diversity and Dominance
Some diversity indices of macroinvertebrate species in the three study stations is shown in Table 3 . Margalef's species richness (d) which depicts taxa richness was highest in station I (3.945), followed by station III (3.313). Station II had the minimum taxa richness (2.797), diversity (0.958) and evenness (0.860) indices and the maximum dominance index (0.145).
Hutcheson's t-test was performed to compare diversity indices between the study stations. The results obtained showed that the stations were significantly different (p<0.05) ( Table 4 ). Significant difference (p<0.05) also existed between stations I and III, and stations II and III. 
Faunal similarity of study stations
Faunal similarities of study stations was evaluated using McNemar's test and the results are shown in Table 5 . The paired similarity test revealed close similarity between stations I and II, and stations II and III. 
DISCUSSION
The variations in the physico-chemical parameters of Amaku Stream could be attributed to cassava effluent. Generally air temperature was higher than water temperature. The mean air and water temperature values recorded in this study are typical of the African tropical Rivers (Imoobe and Oboh, 2003; Arimoro et al., 2008) . The high temperature obtained in station I may be due to its exposure to sunlight. The low temperature recorded in station III may be attributed to its being covered by aquatic macrophytes which cuts off most of the sunlight. Aquatic plants form a heavy shading canopy that reduces light penetration. This shading with reduced water circulation in dense plant stands allows the formation of vertical temperature gradients as steep as 18 F (10 C) over 3ft (1m) of water (UF/IFAS, 2007). The low dissolved oxygen 2.32±0.24 mg/l obtained in station II was caused by anthropogenic activities such as discharge of cassava effluents. The very low oxygen observed at station II was due to the breakdown of cassava wastes by micro-organisms. Arimoro et al. (2008) reported a depletion of dissolved oxygen in their studies. The permissible dissolved oxygen limit for aerated water body by World Health Organization is 5.0 -6.0 mg/l (Oluyemi et al., 2010; Anigboro et al., 2014) . Biochemical oxygen demand values indicate the extent of organic pollution in water quality (Jonnalagadda and Mhere, 2001) . The biochemical value of 8.75±017 mg/l obtained in station II indicated the extent of stress this station is undergoing presently. Streams are classified into: unpolluted (BODs <1.0m g/l), moderately polluted (BODs, between 2 -9 mg/l) and heavily polluted streams (BODs >10.0 mg/l) (modified from Adakole and Anunne, 2003; Arimoro et al., 2008) . Thus Amaku Stream is moderately polluted. The biochemical oxygen demand was higher than the EEC limits of 4.0 mg/l (Umeham et al., 2007) . Biochemical oxygen demand is a major index for measuring pollution stress, so the recorded high value classifies the stream as poor drinking water source. The high nitrate-nitrogen recorded in station II could be attributed to the cassava effluent disposed into it. The discharge of effluent into "well" and/or spreading on land leads to higher nitrate on the streams as well as a highly offensive odour in the environment (Afuye and Mogaji, 2015) . The minimum pH value in station II could be attributed to cassava effluent discharged into it. Cassava contains hydrocyanic acid which is a very weak acid. Water bodies receiving untreated cassava water are usually reported to be highly acidic, sometimes with pH as low as 2.6 (Zualiya and Muzondo, 1993; Arimoro et al., 2007; Atulegwu and Nnamdi, 2011) . Cassava are known to spoil streambeds by the settled suspended solid of the effluent, thereby making marine lives and fish breeding pretty difficult to survive (Zualiya and Muzondo, 1993; Yang et al., 1994; Wade et al., 2002; Abiona et al., 2005; Atulegwu and Nnamdi, 2011) .
The 22 taxa of macroinvertebrates recorded in this study is lower than 46 taxa reported by Edokpayi et al. (2000) , 62 taxa obtained by Egborge et al. (2003) and 55 taxa reported by Arimoro et al. (2008) in some troubled freshwater ecosystems of Nigeria. The abundance of oligochaetes in station II may be attributed to cassava effluents discharged into it. The least abundance of crustaceans in station II could be due to environmental stress this station is experiencing. The absence of Limnaea sp. in station II may be attributed to the presence of Hirudinea sp. which were favoured by organic matter. The Hirudinea sp. are among the external parasites of snails. Cassava effluent probably caused disruption of the life cycle, reproductive cycle, food chain, and migrations or imposed physiological stress (Arimoro et al., 2008) . This also explains the complete absence from station II of benthic macroinvertebrates such as Dytiscus sp., Gyrinus sp. (coleopterans) as well as Baetis sp. and Cleon sp. (ephemeropterans) associated with clean water. These species were among very sensitive species reported by Ibemenuga and Nwosu (2012) .
The ecological indices in Table 3 revealed the decimating impact of cassava effluents on macroinvertebrate residents of Amaku Stream. Reduced values of taxa richness, ShannonWiener diversity, evenness indices and the increased dominance index at station II are similar to the typical response of macroinvertebrate communities to organic pollution (Walsh et al., 2002; Ndaruga et al., 2004; Atobatele et al., 2005; Arimoro et al., 2007; Arimo et al., 2008) . This study showed that untreated cassava effluents discharged into Amaku Stream disturbed water quality and distribution of sensitive species. Several wastes are generated from the processing of cassava into fufu, starch and garri. Continuous discharge of these wastes has accentuated the adverse effect of cassava waste to the environment and biodiversities (Goodley, 2004; Atulegwu and Nnamdi, 2011) . Apart from high cyanide contents, the discharge of effluent directly (Afuye and Magaji, 2015) into streams cause foul smell and produces unattractive sights (FAO and IFAD, 2001; Afuye and Magaji, 2015) .
CONCLUSIONS
Cassava effluent discharged into Amaku Stream altered its physico-chemical conditions especially in station II. Thus dissolved oxygen was least in this station while turbidity, biochemical oxygen demand, alkalinity and nitrate-nitrogen were maximum in station II. This resulted in low macroinvertebrate abundance in this station.
RECOMMENDATIONS
Since cassava effluents distort water quality, and destroy sensitive macroinvertebrate species, it is recommended that:
i.. Cassava effluents should be treated before disposal into aquatic environment;
ii. Cassava based starch/garri processing mills should be located away from aquatic environments;
iii. Cassava wastes could be broken down by subjecting them to high voltage electricity industries.
